Conserved sequence and structural motifs contribute to the DNA binding and cleavage activities of a geminivirus replication protein.
Tomato golden mosaic virus (TGMV), a member of the geminivirus family, has a single-stranded DNA genome that replicates through a rolling circle mechanism in nuclei of infected plant cells. TGMV encodes one essential replication protein, AL1, and recruits the rest of the DNA replication apparatus from its host. AL1 is a multifunctional protein that binds double-stranded DNA, catalyzes cleavage and ligation of single-stranded DNA, and forms oligomers. Earlier experiments showed that the region of TGMV AL1 necessary for DNA binding maps to the N-terminal 181 amino acids of the protein and overlaps the DNA cleavage (amino acids 1-120) and oligomerization (amino acids 134-181) domains. In this study, we generated a series of site-directed mutations in conserved sequence and structural motifs in the overlapping DNA binding and cleavage domains and analyzed their impact on AL1 function in vivo and in vitro. Only two of the fifteen mutant proteins were capable of supporting viral DNA synthesis in tobacco protoplasts. In vitro experiments demonstrated that a pair of predicted alpha-helices with highly conserved charged residues are essential for DNA binding and cleavage. Three sequence motifs conserved among geminivirus AL1 proteins and initiator proteins from other rolling circle systems are also required for both activities. We used truncated AL1 proteins fused to a heterologous dimerization domain to show that the DNA binding domain is located between amino acids 1 and 130 and that binding is dependent on protein dimerization. In contrast, AL1 monomers were sufficient for DNA cleavage and ligation. Together, these results established that the conserved motifs in the AL1 N terminus contribute to DNA binding and cleavage with both activities displaying nearly identical amino acid requirements. However, DNA binding was readily distinguished from cleavage and ligation by its dependence on AL1/AL1 interactions.